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(54) Magnetoresistive device and magnetoresistive head 

(57) The magnetoresistive device of the present 
invention includes: at least two magnetic layers stacked 
via a non-magnetic layer therebetween; and a metal 
reflective layer of conduction electrons formed so as to 
be in contact with at least one of outermost two layers of 
the magnetic layers. The metal reflective layer is in con- 
tact with one surface of the outermost magnetic layer 
which is opposite to the other surface of the outermost 
magnetic layer in contact with the non-magnetic layer. 
The metal reflective layer is likely to reflect conduction 
electrons while maintaining a spin direction of electrons. 
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Description 

BACKGROUND OF THE INVENTION 
1. FIELD OF THE INVENTION: 
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The present invention generally roiaf^ *~ ~ 
2. DESCRIPTION OF THE RELATED ART: 
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Such a phenomenon can * - J*^ « m from spin^ependent scatter^ ol e tad : c > _ 
A giant magnetores.stance efl ^'^' ,aver Thus, in order to increase the P°«*'Wj» *",^ hen tne mean 
between a magnetic .ayer and a "^S!^---* scatterin 9 ""ZZ^XSTt* stacked is 
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SUMMARY OF THE INVENTION vja a 

^cla/er .**•«•■«•. ^ the metal <*«*» S^^Ew-a «» the non- 

,„onee,^n»*themwhelores^de»<» ^maal reflective layer is 

^ laye, and the non-maonetic layers - mainiy compel 0. Cu. and the ^ - 

includes at least two interface magneto layers wn.c 

, n sti || another embod.ment. the magnetic lay ^ 

, « rjiSSrisss* « ^raSr^rsr^ ^ «—* - 

^ v -, V 'h : '"h is mainly composea 01 w ^ ^ 

SwSihemeta. reactive ^ , ayef d , ectly in contact w*h the ^^^Zl^ 

,n still another embod.mert . the ^ etic , ayer therebetween and are ma-nly comp 
twointerfacemagnetic.ayerswh.chsandw.chasoft ^ ^ 

"tZSXZSSXSi* .agnetores-ede.ee includes: atirst and a second magnet, 
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•n st«l another ^o^^SS^^, 0i a ^O, 

a non-magnetic layer. S6COnd ^neHc layer includes two or more maon«*> , a 

In still another embodiment the antife ^ are Stacked via 

non m ^ ^ ^CSSSE T 9 ™ n "~ * substrate 

xzsr byer - a — kjtskss^ :x™ a 4 — - - 

still another embodiment the m ^ * Br are stacked in 

'n still another embodiment ° re ma9net,c ^hich are stacked via a 

alloy. embodiment, at least one of the first and the second 

The magnetoresistive head of th. » 9 ( ° 0) Via a Pl 

'aver being in*^ ^Th* wrth at '«* one of outermost tw^ | aye * ' ayer * e.ec- 

ermost magneSteyerTn ^ZZTZ" OUtemoSt "™**e lay£ wnTch i- Qn ,ayerB ' the mete ' 

electrons whi le ^mSinin^ ? *~ n «* wn «fc layer. lhe!JSij!Sl52r ,, ^ to ° th " SUrface of 

or a ?Wc layer having a sma e" SerSo"^ * the ^oresis- 

^«*r^ which is 

tenths of a nm. In such a 21 <£T? * have a Surface "hich can be reSd2Lc ^u* 06 ° ? a «*"• 
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,0 eon.** to a =™°'^" n ™ elm *• an " ^^TS » c£n ! solace 

-£S=z::zz ~— - 

25 tro^s is high at an interface between a magnefc layer 

jr ,w 111-**.— «•—"-'" 

invention. 

ncQTRlPTION OF THE PREFERRED EMBODIMENTS 
<s DESCRIPTION ur ^ ^ ^ ^ invention will be descr.bed 

a protective layer is formed instead on the surface 

. «->r-v material 



a prOieciive iayw 

like is used as a shield gap material. 
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0.6 x < 0.9 

0 ^ y < 0.4 

0 s x' s 0.4 
02^/^0.95 

- „ 

^ . ^'mthicknessofthesoftnv, • or Pnou S f„m made of 

-^ss^s-ssksss: *_r 

f 3 nm or ,e « m th,Ckness of non-magnetic /aver d K 0 "! 65 10 ° "**• then the MR 

In additon. it i s ^ effective t0 jnserf a ^ ^ ' ayer 4 a**** be about 1 0 nm or iess 

b y ni3de °' ^ or the Pke in ic" ^ CU/A9 and Ag/Cu/Ag Th « n Tn CU ' the "^'^Snetic layer 

ratio. However if ■ . ? 6 hard TOgnetic layer 5) ann #k. y nto tfle '"tenace between « m =„ . . 

me film thickness 
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N^^^^^^^^^^ 1 ^^ ,ay . . me surtaC e of the hard 
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of spin information ,s rese^- ^ of poking multiple . 
same effects as those • „ increa sed. ,i,m needs to be **^ rons (i.e.. on the 

attained. As a ^^^^ar scattering, the ™«*"°^\ a&&n ce to the ^evenness. How- 

,n order to generate a i sp ce (S evaluated ««n oftl surface having no , u ooth - 

particular material ,s _requ'red o ^ a£ a material torjne ^ ^ ^ a unl.ke them f and 

1ace which can beregard^ss surface of a th.nfi^^m iayer fe preferably about ned . 

for the (1 1 D Plane Thus, the thickness :d the me*l ^ thence enectthereo ^ ^ 

decreased owing to a Howe ver. if the jfj^^ about 0.5 nm. desirably ^ tic laye r 5 

more preferably about 3 «r .oMe & ^ & js required to be ^ ^ & . and me ha^d "jg ^ 

Thus, the thickness of the ^meta ^ jnserted between me m«a , ayer 5 <s made of J w 9 ^ r 

Moreover. if a ^-rnagn^c V ^ ^ ^ *hen t ^ ^ ^ H js ^cu^effect ^ ^ 

as shown in Figure 1 B. then ^h madg ^ & such *s *g iayer 7 not , y ^Kes tn dent 

ria , and the metal reflectwe layer ^ ^ th8r- ^j»^ j^endTnt scattering. This ,s *J C o/Cu inter- 

non-magnetic layer 7 made oi l o increase s the ^^P^, a non-magnetic layer .s la. Qtner tnan 

the soft ^3 n6il : ( U ^ t ; - a , o1 the non-magneV.c layer r ^ ' deshab , y about 1 nm or tes»- w d-. 

ssnrss^ 
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Moreover, instead of providing a single meta! reflective layer 6 over either single type of magnetic layer (i.e., the soft 
magnetic layer 3 or the hard magnetic layer 5) as shown in Figures 1 A to 1C and Figure 2A, two metal reflective layers 
6 may be provided over both types of magnetic layers as shown in Figure 2B. In the latter case, the effect of the specular 
scattering of electrons and the effect of the increase in MR ratio are enhanced as compared with the case of providing 
5 a single metal reflective layer on either single type of magnetic layer. 

Figure 3 shows a case where the metal reflective layers 6 are provided on both surfaces of a dual spin- valve film. 
Since the number of magnetic layer/non-magnetic layer interfaces is increased in a so-called dual spin-valve film having 
a structure consisting of a hard magnetic layer 5, a non-magnetic layer 4, a soft magnetic layer 3, a non-magnetic layer 
4 and a hard magnetic layer 5 as compared with a spin-valve film having a simple structure consisting of a hard mag- 
ic netic layer 5. a non-magnetic layer 4 and a soft magnetic layer 3, the MR ratio thereof is also increased. The metal 
reflective layer 6 is also effectively applicable to such a dual spin-valve film. Moreover, in the case of providing a metal 
reflective layer on either one surface, effects can still be attained to a certain degree though the effects are less satis- 
factory. 

The fact that the MR ratio is further increased by inserting a non-magnetic layer between the metal reflective layer 
is 6 and a magnetic layer (i.e., the soft magnetic layer 3 or the hard magnetic layer 5) is true of all the cases shown in Fig- 
ure 1 A through Figure 5. 

The above-described effects can be attained irrespective of whether the magneto-resistive device is a polycrystal- 
line film or a single crystalline film. If the magnetoresistive device is an epitaxial film (or a single crystalline film), a par- 
ticularly remarkable effect can be attained by providing the metal reflective layer 6, This is because the specular 
20 scattering on the surface is enhanced when the metal reflective layer 6 is an epitaxial layer. 

Various methods may be employed for forming an epitaxial layer. In any case, a substrate made of MgO, Si or the 
like is preferably used. More preferably, an MgO (100) substrate or an Si (1 1 1) substrate is used. 

In the case of using an MgO (100) substrate, a Pt layer is preferably formed as a first underlying layer and then a 
Cu layer is preferably formed as a second underlying layer. The film thickness of the Pt layer is preferably in the range 
25 from about 5 nm to about 50 nm, both inclusive. Thereafter, a device such as that shown in Figure 1 B is formed. In this 
case, if the non-magnetic layer 7 is made of Cu and the metal reflective layer 6 is made of Ag, the lattice constants of 
these layers are greatly different from each other. Consequently, a minor part of the Ag layer has the (100) orientation, 
but a major part thereof has the (1 1 1 ) orientation which is more likely to realize a lattice matching. The Ag layer has a 
highly smooth surface, in which the specular scattering is easily caused and which greatly increases the MR ratio 
30 advantageously. 

In the case of using an Si (111) substrate, an Ag layer is directly formed on the substrate without providing any 
underlying layer, and then a non-magnetic layer made of Cu, a soft magnetic layer made of Ni-Fe, a non-magnetic layer 
made of Cu, a hard magnetic layer made of Co, a non-magnetic layer made of Cu and a metal reflective layer made of 
Ag are sequentially stacked thereon. In this case, the film thickness of the Ag layer on the substrate is required to be at 

35 least about 5 nm and at most about 10 nm. 

In the foregoing description, the present invention has been described as being applied to a case of using a metaf 
reflective fayer for a spin-valve film including a hard magnetic layer. Alternatively, the present invention is also applicable 
to a spin-valve film including an antiferromagnetic layer. In such a case, the magnetization direction of a magnetic layer 
in contact with the antiferromagnetic layer is fixed. On the other hand, the magnetization direction of a magnetic layer 

40 not in contact with the antiferromagnetic layer is changed upon the application of an external magnetic field so that the 
magnetoresistance thereof is changed. Thus, in order to increase the magnetic field sensitivity with respect to the exter- 
nal magnetic field, a soft magnetic layer is used as the magnetic layer not in contact with the antiferromagnetic layer. 
Figures 4A and 4B and Figure 5 show exemplary cases. 

Figure 4A shows a structure in which a metal reflective layer 6, a soft magnetic layer 3, a non-magnetic layer 4, a 

45 magnetic layer 8 and an antiferromagnetic layer 9 are stacked in this order over the substrate 1 via the underlying layer 
2. In a conventional spin-valve film, the metal reflective layer 6 shown in Figure 4A is not provided. The metal reflective 
layer 6 advantageously increases the MR ratio of the spin-valve film totally in the same way as the spin-valve film using 
a hard magnetic layer. Thus, the preferable thickness and the preferable material of the metal reflective layer are the 
same as those described above. Also, in the same way as in the spin-valve film using a hard magnetic layer, it is effec- 

so tive to insert a non-magnetic layer between the metal reflective layer 6 and the soft magnetic layer 3. Figure 4A shows 
a case where the stacking of the structure is begun with the metal reflective layer 6. Conversely, the stacking of the 
structure may be performed in the order of the antiferromsg netic layer S, the magnetic layer S, the n on -magnetic Isysr 
4, the soft magnetic layer 3 and the metal reflective layer 6 as shown in Figure 4B. 

Fe-Mn. Ni-Mn, Pd-Mn, Pt-Mn, Ir-Mn, Fe-lr and the like may be used as the materials for the metal antiferromagnetic 

55 layer 9. Among these materials, Fe-Mn has been used most frequently in a conventional spin-valve film. However, this 
material poses some problems in practical use in view of the corrosion resistance and the like of the material. In respect 
of the corrosion resistance, materials such as Ir-Mn are particularly preferable. The appropriate atomic composition 
ratio of an lr 2 Mn V2 is: 0.1 < z < 0.5. 
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. son r«t«*= !««>•• "STJng an anBerromag™*' ' «*, „ iha surface „„ anBanon-gn** 

t£icaUs <o «- r-W»» " W— «»• " '^JS art*™-"*"* 

^B^^te^^^ibB^^^^^^ . muttering method or an evap- 

f a non-magnetic iayer ■ «»J*£ rati0 advantageously be forme d by a "P^J^Wl Various sputter- 

Sng an evaporation ^ethcrf ^ simply referred ^ J ry ^ure ^^^be Interposed between 
A magnetores.st.ve headjp nt .nvent.on.An 2Q fe form ^ so as to ^ as fr e 

described magnetores,st,ve _dev.c ^ 6 , an MBd«JjP o1 ^ S.O* or the M» gap „ an{j 

*&gSSSS~ — — — 

ti0 n will be described. 

fabricated by using an 
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No. 


Structure o1 Sample 


MR Ratio 


A7 


Co(3nm)/Cu(2.1nm)/Ni-Fe(3nm) 


3% 


A8 


" Aa(2nm)/Co(3nm)/Cu(2.1 nm)/N.-Fe(3nm) 


4.5% 


A9 


" Aa(2nm)/Cu(1 nm)/Co(3nm)/Cu(2.i nm)/Ni-Fe(3nm) 


5.5% 



film (i.e., the sample A7). ««™d to be provided on the hard magnetic layer. However, 

in the foregoing example, a metal J'^.^J^^ on the soft magnetic layer, as shown ,n fifl- 

l5 the same effects can be attained ™ Si2?^^ ~ fabricated and *° 
ure 2A. The spin-valve devices shown in the following Taoie 
evaluated in the same way as in Tables 1-1 and 1-2. 
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No. 



A10 



A11 



A12 



A13 



Structure of Sample 



Co(5nm )/Cu(2.lnm)/Ni-Fe(5nm) 

Co(5nm)/Cu(2.1nm)/Ni-Fe(5nm)/Ag^nm; 



Co(5nm)/C u(2.lnm)/Ni-Fe(5nm)/Uu(1.2nm) 
^5nmVCu(2.lnm)/Ni-Fe(5nm)/Cu(i^nm^M g yo.nn) 



MR Ratio 



4.0% 



5.6% 



3.2% 
7.1% 



• T k. i « thP MR ratios of the examples of the present invention (i.e., the samples 
As is dear from the results sho^ ^ t . 

A1 1 and A1 3) are higher than those of the conv ^ the Sard magnetic layer. Even when the stack- 

A in TaNe 1-3, the stacking * * fabricated and the MR properties thereof 
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No. 



A14 



A15 



A16 



A17 



[Table 1-4] 
Structure of Sample 



Ni-Fe(5nm)/Cu(2. 1 nm)/Co(5nm) 



Aq(1 nm)/Ni-Fe(5nm)/Cu(2. 1 nm)/Co(5nm) 



Cu(1nm)/Ni-Fe(5nm)/Cu(2.1nm)/Coj5rim) 



"Aod nm)/Cu(1nm)/N.-Fe(5nm)/Cu(2.1 nm)/Co(5nm) 



4.2% 
5.5% 



3.3% 



6.2% 



t k. 1 ^ the MR ratios of the examples of the present invention (i.e., the samples 
As is clear from the results shown in Table 1 -4, the > MR £ e |es A14 and A 1 6). 

A15 and AIT) are higher than those of the < onv ^ afterihe underlying layers had been formed 

NM duri ^Z^-XT™*^*** -n*. and M — < - •» 

\q same way as in tne case oi ,eu -" c _ * 



in the same way — _ 

ratios thereof are shown in the following iable 1 -b. 
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No. 



A18 



Structure of Sample 



Co(3nmVCu(2.lnm)/Ni-Fe(3nm)/Gu(2^nm)/Co(3nm) 



MR Ratio 



6.2% 
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[Table i-sj (continued) 
-— Structure of Sample " — 



MR Ratio 
8.3%" 
10.1% 



so 



25 



30 



35 



Spin-vafve devices of the 

and then the substrate S0 ' U,, ' 0n <* HF - a naturatly oxSS? ""P™**" method .7w£? 
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[Table 3] 



10 



15 




MR Ratio 



20 



25 



Mo !*o a alloy, the lower and the upper sh.eW gaps 11 Jjj ^JdHon. an anisotropy was determ.ned 
made oil Co-Pt alloy and the lead porton 1 3 was made d Au^h ad ^gpetization easy ax.s of a magnejc 

SSon-lh. ™^ tionea ^ 'ay- raspective.y became vert.ce. and 

In this method, when a magnetic layer was deposited a magne these MR heads were meas 

direcSo^^ 

r^n^r^ 

30% and about 60%, respectively, 
^elresistivedevicesotthetype 

use Sa^RF magnetron sputtering apparatus using a hexad ^f^^Jresutts are shown in the 1ol.ow.ng 
<o ^reofwefe measured :by the same ^^^^^ZS^^r^^^ 
Table 4-1 (where the composition ot each alloy is represent 
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in totally ihe same way as the samples shown in Table 4-1 
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[Table 4-2] 
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Magnetoresistive devices of «,o 

[Table 5] 



No. 



' Ratio 
6%~ 



8.3% 



4.4% 



9.9% 



<CP ~OS^ 5 a20A2_r > 
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icis ol the sott ^"f^^fantiferromagnetic layer respective y ^ ^ 

uredby a^"^^ a Sd E4) were h,gher than that 
invention (i.e.. ' ^JJJJL resp ectively. 
about 40% and about 80%. resw 

4 ^ «n a water cooled glass sub- 

EXAMPLE 6 Table 6 were iabncated on^ ^ mea s Ure d 
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-iJrTSuTe^Tsa^pie - 

f !jL_---^r-?e-^n^^ 



3.9% 



— 

1 Cu^nmyNich^ 



Cu(2mn^ h the oresent invent 

.~~z^^-~-= T -~ 

,,_, ass substrate by the 

EXAMPLE 7 fabricated on a water c«W9 The MR ^ 
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"No. I - — 77^7^=^^^ 

^]3§§§|l 



15 



10 
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i 

- i 
■I 
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. ,„ a* i6 „„. an - ^ ^T^^^^^rSX 

direction within the film to which an an,sotropy was durably apphea w £ mr Qf ^ presen t 

SaS^S^^^ 

30% and about 70%, respectively. 

EXAMPLE 9 

^Pe^wastormed*^^^^ 

TherX. the sample was transferred ^^^S^^ «"» wtart - Bon 35 ^ ° f ^ 
As a result, it was found that the a-Fep 3 f im ^^"X^^^in t he uttrahigh vacuum evaporafton appara- 

the following Table 9. 
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^o. l 100.^VC^3nm)/Cu(2nm^,,.F^^^)^°-^"'' C ''''" m ' 



3.3% 



,ion (i.e, L sa^e, .5 and .6) M Ih. MR; « « ^£ Sna. in « co^amiona, a*anp.a (i.a.. M «n- 
Co bat»aan a non-n>agnate layar arrt a m*s>r*»c »»» » ™ ° ^ „ pe^aUy beoausa the sp"-*l»£ 

s rxir^nSt^^^^ — - *~ ■» te 

on the surface of Cu. samoles 15 and 16), the interface magnetic layer is assumed to be 

EXAMPLE 10 

The results are shown in the following Table i0. 
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WaT net ° reSi ^ **» accords f ^ ^ non ^C C °- Fe *** tne * JX 

, ^~~^~S~^==rr 

7 " A magnetons*,* dev . ce accord C^ch Go* a((oy * a soft magnetic ,a£ 
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dina.oc.aim. whereinmema^uc^^inccn^w^^^-au^c- 

netic layer and an .nterface ™0™*« V re{|ective layer . 

magnetic layer be.ng d.rectly in contact w.tnt 

' - 

terent coercivity from a coercv.ty of em ^ ^ 

reflective layer formed in ;<^"* i * S ^ he non -rnagnetic layer. 

of the second magnet* layer ,n contact v*th ^ 

* io-, m 15 further comprising a non-magnetic layer Dewe 
,.. A magnetoresistive device according to c.a.m 15. further 

reflective layer and the magnet, c layer. . canoxide 

„• i« rtaim 15 wherein the antiferromagnefcc layer .s an coode. 
17 A magnetoresistive device accord.ng to da«n 15. whe 

HnotodaimlS wherein the antiferromagnetic layer .smadeofNiO. 

30 20-Amagnetore^^ 

n^c.ayerswh.charesta^edva arrt „ e rroma g ne«c ,ayer is ep^ally grown over a 
21 . A magnetoresistive device according to dun 15. wherein tn 

substrate. mannetic layer, the non-mag- 

24. A^e.a^de.lcaccoC.g.o^a^n* 

j. . ,„„ — wherein the amiferromagnelc layer « maoe°i» 
« 25. A magnetoresislive device according 10 claim 22, where tv h a lirst anSfeiromagnetic layer, a 

terromagnettc Uyeran.. a 

50 via an underlying layer. between the second 

. • - e wording to claim 26. further comprising a non-magnetic layer betwee 
27. A magnetoresiswe oevce ^o^ng to 

antiferromagnehc layer and the metal an ^ 

* i 97 wherein the second arrtiferromagnetic layer is maa 
55 28. A magnetoresistive device according to claim 27. wherem 

a, ' 0y ' f r , aim 26 wherein the first antiferromagnetic layer is an oxide. 

29. A magnetoresistive device accordmg to claim 26. where. 
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30. A magnetoresistive device according to claim 26, wherein the first antiferromagnetic layer is made of Nj-0 

- ^—^de.ceaccord^.o^ enon^^er i5 eo^ yo _o«r n e ^ 

^ ^^trgrSS^^ 8 ' 8 <,00) - - «»— c ,a y er „ e«a*al, y 

41. A magnetoresistive head comprising- 
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FIG. 1 C 
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FIG. 3 
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FIG. 5 
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FIG. 1A 





FIG. 1 C 
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FIG. 2 A 




FIG.2B 
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FIG. 3 
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FIG. 4 A 
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(54) Magnetoresistive device and magnetoresistive head 

(57) The magnetoresistive device of the present 
invention includes: at least two magnetic layers stacked 
via a non-magnetic layer therebetween; and a metal 
reflective layer of conduction electrons formed so as to 
be in contact with at least one of outermost two layers of 
the magnetic layers. The metal reflective layer is in con- 
tact with one surface of the outermost magnetic layer 
which is opposite to the other surface of the outermost 
magnetic layer in contact with the non-magnetic layer. 
The metal reflective layer is likely to reflect conduction 
electrons while maintaining a spin direction of electrons. 
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